Abstract Vertigo can be a major presentation of posterior circulation stroke and can be easily misdiagnosed because of its complicated presentation. We thus prospectively assessed the predictive value of vertebral artery extracranial color-coded duplex sonography (ECCS) for the prediction of ischemic stroke-related vertigo. The inclusion criteria were: (1) a sensation of whirling (vertigo); (2) intractable vertigo for more than 1 hour despite appropriate treatment; and (3) those who could complete cranial magnetic resonance imaging (MRI) and vertebral artery (V2 segment) ECCS studies. Eventually, 76 consecutive participants with vertigo were enrolled from Kaohsiung Municipal Hsiao-Kang Hospital, Kaohsiung, Taiwan between August 2010 and August 2011. Demographic data, neurological symptoms, neurologic examinations, and V2 ECCS were assessed. We chose the parameters of peak systolic velocity (PSV), end diastolic velocity (EDV), PSV/EDV, mean velocity (MV), resistance index (RI), and pulsatility index (PI) to represent the hemodynamics. Values from both sides of V2 segments were averaged. We then calculated the average RI (aRI), average PI (aPI), average PSV (aPSV)/ EDV, and average (aMV). Axial and coronal diffusion-weighted MRI findings determined the existence of acute ischemic stroke. We grouped and analyzed participants in two ways (way I and way II analyses) based on the diffusion-weighted MRI findings (to determine whether there was acute stroke) and neurological examinations. Using way I analysis, the "MRI (þ)" group had significantly higher impedance (aRI, aPI, and aPSV/EDV ratio) and lower velocity (aPSV, aEDV, and aMV(PSV þ EDV/2)), compared to the "MRI (e)" group. The cutoff value/sensitivity/specificity of aPSV, aEDV, aMV, aPI, aRI, and aPSV/EDV between the MRI (þ) and MRI (e) groups were 41.15/61.5/66.0 (p Z 0.0101), 14.55/69.2/72.0 (p Z 0.0003), 29.10/92.1/38.0 (p Z 0.0013), 1.07/76.9/64.0 (p Z 0.0066), 0.62/76.9/64.0 (p Z 0.0076), and 2.69/80.8/ 66.0 (p Z 0.0068), respectively. Using way II analysis, lower aEDV and aMV, and higher aRI, aPI, and aPSV/EDV ratio could determine the "MRI (þ) without focal signs" group. The cutoff value/sensitivity/specificity of aEDV, aMV, aPI, aRI, and aPSV/EDV between the MRI (þ) without focal signs and MRI (e) groups were 9.10/71.4/96.0 (p Z 0.0005), 15.65/57.1/96.0 (p Z 0.0124), 1.10/100/70.0 (p Z 0.0002), 0.64/100/70.0 (p Z 0.0023), and 2.80/100/70.0 (p Z 0.0017), respectively. In conclusion, using demographic data and clinical symptoms, it was difficult to determine the patients with ischemic stroke-related vertigo. Although neurological examinations still have diagnostic value, the high impedance and low velocity pattern of V2 ECCS can be an add-on method for the screening of acute ischemic stroke-related vertigo, even for those without focal neurological signs.
Introduction
Vertigo is one of the most common complaints encountered in clinical practice [1] , affecting approximately 20e30% of the general population [2] . About 7e11% of all cases of vertigo in the general population may be related to a major presentation of brain insult, of which ischemic posterior circulation stroke (PCS) is the leading cause [3] .
Compared to carotid artery stenosis, only limited data are available on the natural course of vertebral artery (VA) stenosis and its relationship with the clinical characteristics of PCS [4] . However, with improvements in neuroimaging methods [5] , the role of extracranial VA has been emphasized in PCS. Kim et al [6] reported a prevalence of !50% stenosis of the proximal VA in 44%, and the distal VA/basilar artery in 36.1% of patients with PCS [6] . With regard to prognosis, patients with both symptomatic and asymptomatic VA stenosis probably have an increased risk of PCS [4, 7] . Furthermore, the severity of VA stenosis seems to be related to PCS more than carotid stenosis to carotid territory events, and is associated with multiple transient ischemic attacks at presentation and a high risk of early recurrence [4] .
In the present study, we hypothesized that VA extracranial color-coded duplex sonography (ECCS) would be able to determine the patients with PCS by examining the differences in hemodynamics between patients with and without PCS, and so be used as a screening tool for ischemic stroke-related vertigo (isVertigo).
Materials and methods

Participants
This was a prospective study. The Institutional Review Board of Kaohsiung Municipal Hsiao-Kang Hospital, Kaohsiung, Taiwan approved all study protocols, and the study participants provided informed consent. Eighty consecutive patients with intractable vertigo were recruited between August 2010 and August 2011 using the following inclusion criteria: (1) a sensation of whirling (vertigo); (2) intractable symptoms persisting for more than 1 hour despite being given appropriate dosages of diphenhydramine, benzodiazepine (diazepam or lorazepam), vasodilator (betahistine hydrochloride), and diuretic (acetazolamide) one after another; and (3) those who were able to complete magnetic resonance imaging (MRI) and VA ECCS studies. The exclusion criteria included: (1) failure to obtain informed consent; (2) inability to undergo MRI because of either a contraindication or an inability to cooperate; (3) MRI disclosed a nonischemic stroke insult, for example, intracranial hemorrhage, brain tumor, or arterial vascular malformations, or axial and coronal diffuse-weighted (DW) MRI determined the existence of acute ischemic stroke; and (4) MRI disclosed VA hypoplasia (diameter <2 mm) [8] because it is difficult to differentiate hypoplasia from occlusion by ECCS [9] .
We grouped and analyzed the participants in two ways (way I and way II analyses) based on MRI scans (whether there was hyperintensity on axial and coronal DW-MRI) and whether there were focal neurological signs. In way I analysis, we separated the patients into "MRI (þ)" and "MRI (e)" groups to investigate whether V2 ECCS could determine the patients with acute ischemic stroke (Table 1) . In way II analysis, we separated the patients with acute isVertigo into "MRI (þ) with focal signs" and "MRI (þ) without focal signs" groups to investigate whether V2 ECCS could determine the acute ischemic stroke patients without focal signs (Table 2) .
Measurements ECCS technique
After written informed consent was provided, VA ECCS was assessed using a Philips SONOS 7500 (Philips Ultrasound, WA, USA) ultrasonography system equipped with a 5-MHz linear probe. VA ECCS was performed within 24 hours after symptom onset. After the patient had been lying down (supine with the head straight and neck extended) for 15 minutes in a quiet room, ECCS was used to visualize bilateral vertebral arteries (V2 segment) three times at 20-minute intervals. All VA Doppler examinations were performed by Dr. Hsiu-Fen Lin, who was blinded to the patient's history and neurological examination. Gain and velocity settings of the color Doppler unit were adjusted to ensure that all examinations were technically adequate. Data on Doppler waveforms and velocities were obtained with an angle of insonation of 60 or less, and the V2 segment was then identified. The sonographer first imaged the common carotid artery in a longitudinal section on Bmode from a lateral approach. Once the probe had been positioned over the long axis of the common carotid artery, it was slid posteriorly (without any rotation). The acoustic windows from the transverse processes of the vertebrae were then seen, and one segment (or more) of the V2 section was seen between windows. Once the orientation of the relevant segment of the VA had been established, the vessel was imaged with color Doppler and the direction of flow established. For the pulsed wave, Doppler was used to display the waveform in the V2 to measure the peak systolic velocity (PSV) and end diastolic velocity (EDV). After a mean of three values, we obtained mean PSV (mPSV) and mean EDV (mEDV) for both sides. We then calculated mean velocity (MV) as (mPSV þ mEDV)/2, pulsatility index (PI) as (mPSV À mEDV)/MV [10] and resistance index (RI) as (mPSV À mEDV)/mPSV [11] . Both sides of the vessels were evaluated, and values from both sides were averaged to obtain the average PSV (aPSV), average EDV (aEDV), average MV (aMV), average S/D (aS/D) ratio, average RI (aRI), and average PI (aPI) values. Anglecorrected measurements were performed in an axis vessel view more than 2 cm in length that was insonated with an angle of less than 60
. Flow grades were measured on both VAs at a depth between 7 cm and 9 cm. Sonographic data were evaluated offline by two observers blinded to the patients' clinical, computerized tomography, and MRI data.
Cerebral MRI Cerebral MRI scans were performed within 48 hours after symptom onset using a 3.0-T scanner (Signa VH3; GE Medical Systems, Milwaukee, WI, USA). Spineecho T1-weighted axial and sagittal images (TR Z 484 ms; TE Z 8e9 ms; slice thickness Z 5 mm; intersection gap Z 1 mm), fast spineecho T2-weighted axial images (TR Z 4000 ms; TE Z 98 ms; slice thickness Z 5 mm; intersection gap Z 1 mm), fluidattenuated inversion recovery (FLAIR) and diffusionweighted axial and coronal images with a single-shot echoplanar imaging technique (TR/TE Z 10,000/minimum; b Z 0, 1000; field of view Z 30; slice thickness Z 5 mm; intersection gap Z 1 mm) were obtained. The MRI (þ) group was defined as those participants with hyperintensity on axial or coronal diffusion-weighted imaging. The MRI (e) group was defined as those participants without signal abnormalities on T1, T2, or diffusion-weighted MRI.
Statistical analysis
Statistical analysis was performed with the use of JMP software, version 8.02 (SAS Institutes Inc., Cary, NC, USA). Age, aPSV, aEDV, aMV, aS/D ratio, aRI, and aPI measurements were analyzed using t test and nonparametric tests. Receiver operating characteristic curves were used to determine the cutoff value, sensitivity, and specificity. Sex, diabetes mellitus, hypertension, dyslipidemia, smoking, alcohol consumption, ischemic heart disease, and atrial fibrillation were analyzed using Chi-square test. A p value of <0.05 was considered to be statistically significant.
Results
In total, 76 patients (mean age Z 65.17 AE 12.84 years; males Z 48.68%) with intractable vertigo were enrolled for analysis (four patients were excluded from the study: one patient had atresic VA, two patients had primary intracerebral hemorrhages, and one patient had intracerebral gliomas). Initially, only 19 patients were clinically diagnosed to have stroke-related ischemic stroke because of focal signs on neurological examinations. Twenty-five patients had abnormal ECCS indices (at least 1 index > the cutoff value), and 26 patients had positive MRI findings (MRI (þ) group). Therefore, the proportions of patients with an initial diagnosis of stroke-related vertigo confirmed by MRI and VA ECCS were 73.08% (19/26) Table 1 ). There were no significant differences in demographic data and clinical symptoms between these two groups. With regard to the neurological examinations, the MRI (þ) group had a higher percentage of patients with cranial nerve signs, hemiparesis, and truncal or limb ataxia.
With regard to V2 ECCS, the MRI (þ) group had higher aRI, aPI, and aPSV/EDV ratio of VA flow, and lower aPSV, aEDV, and aMV. The corresponding lesion sites of the MRI (þ) group are shown in Table 2 (way I analysis). Data are presented as n (%) MRI Z magnetic resonance imaging; MRI (þ) Z acute ischemic stroke group by diffusion-weighted MR imaging. a Focal signs indicate items in the category "neurologic examinations" in Table 1 . Pontomedullar, cerebellar, and thalamic lesions accounted for 73.07% of all strokes.
In way II analysis, we separated the patients into MRI (e), MRI (þ) without focal signs, and MRI (þ) with focal signs groups (Table 3) . Compared with the MRI (e) group, the MRI (þ) without focal signs group had significantly lower aEDV and aMV and higher aRI, aPI, and aS/D ratio, and the MRI (þ) with focal signs group had significantly lower aEDV and aMV. Table 2 (way II analysis) shows the corresponding lesion sites.
We further calculated the cutoff values and the corresponding sensitivities and specificities in way I and way II analyses (Table 4) . In way I analysis, there were significant differences in all parameters between the MRI (þ) and MRI (e) groups. In way II analysis, there were significant differences in aEDV, aMV, aRI, aPI, and aPSV/EDV between the MRI (e) and MRI (þ) without focal sign groups. In addition, there were significant differences in aPSV, aEDV, and aMV between the MRI (e) and MRI (þ) with focal signs groups.
Discussion
Sonography in the acute setting of stroke patients allows for the identification and the site of clots, prediction of outcomes, and study of the dynamic processes of vessel recanalization, in both the acute phase and follow-up [12] . The present study demonstrates the role of V2 ECCS and neurological examinations, but not clinical characteristics in the prediction of isVertigo, even for those without focal neurological signs.
There were several important findings in the current study. First, compared to the relatively high prevalence of VA atresia in Western populations (15%), the prevalence in our study was only 1.3%, which is similar to a previous study on a Chinese population (2e3%) [8] . Therefore, its effect on the results can be considered negligible. Second, compared to the high transtemporal window failure rate (about 16.3e20%) in transcranial color-coded duplex sonography for middle cerebral arteries [10, 13] , our failure rate for V2 ECCS was zero, which is similar to the findings of a previous report [14] . Therefore, although PCS contributes most to isVertigo [15] , it is reasonable to use V2 ECCS in the screening of isVertigo. Third, atherosclerotic disease in the internal carotid artery and proximal VA is considered to share a common pathogenesis [16, 17] , and as V2 is less variable and easier to access, the use of V2 ECCS as a screening test is encouraging.
Because about 75% of the general population have an asymmetric VA [18] , we averaged bilateral VA parameters to represent the hemodynamics. A normal VA Doppler waveform usually demonstrates a low-resistance flow pattern [18] , and when there is distal obstruction, the flow pattern becomes high resistance [19] . Some studies have reported that duplex ultrasound has a high specificity (93e98%) but a relatively low sensitivity (70%) for the diagnosis of extracranial VA stenosis, especially for the proximal part [19] . However, V2 ECCS should have both good sensitivity and specificity, because although some part of 80e90% of all VAs can be insonated, V2 is seen clearly in nearly all patients [20] . In addition, the main role of ECCS here is to examine the distal obstruction of the VA (suggestive of vertebrobasilar insufficiency), instead of the proximal part.
Most textbooks state that isVertigo and peripheral vertigo have distinct clinical symptoms [21] . However, there is much overlap between isVertigo and peripheral vertigo [22] . Any disintegration of the posture-vestibular, the visual, or the somatosensory system will result in vertigo [23] , which may explain why patients with isVertigo can have atypical presentations [24] , and why basal ganglion and cortical strokes in our study could result in vertigo.
Neurological examinations can provide valuable information in determining isVertigo, but patients do not always have focal signs. In Kerber et al's [25] study, these type of patients accounted for 20% of cases in an emergency room. This is where VA ECCS may be of particular value.
Recently, contrast-enhanced magnetic resonance angiography (MRA) has been shown to have a good overall agreement with digital subtraction angiography [26] . Structural MRI also has high sensitivity for tiny stroke lesions in the posterior fossa [27] . However, MRI examinations are too expensive to be used for a screening test. In the Table 4 Cut-off values, sensitivity, specificity and AUC in way I and way II analyses.
Way I analysis
Way II analysis a present study, we used cranial MRI/MRA to include cases with acute ischemic stroke, exclude VA hypoxia, and work backward to determine the difference with regard to VA ECCS index between each group. The most important finding in our study is that V2 ECCS could determine the patients with isVertigo in those without focal signs. This may be because although both groups were associated with posterior circulation-related lesions, the MRI (þ) with focal signs group was further associated with cerebral cortex and basal ganglion lesions.
There are several limitations to our study. First, the data were collected at a local hospital and thus subject to variability. Second, VA ECCS may not be as accurate in the prediction of lesions far from the posterior circulation, such as the cerebral cortex and basal ganglion lesions. However, such cases are rare in clinical practice, and VA ECCS still proved to have value in differential diagnosis. In conclusion, using only demographic data and clinical symptoms, it was difficult to determine the patients with isVertigo. Although neurological examinations still have diagnostic value, the high impedance and low velocity pattern of V2 ECCS as used in this study can be an add-on method for the screening of acute isVertigo, even for those without focal neurological signs.
